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ABSTRACT 
 
This paper describes results of measurements made using 
modern digital instrumentation to simultaneously record 
current pulses and visible images associated with corona 
discharges in a 8.255 mm point-plane gap in atmospheric 
air with 50 Hz applied voltages up to flashover.  
 
 Discharge current pulses are recorded at a sampling rate 
of 200 mega samples per second by a digital oscilloscope 
with an estimated 14 nsec time constant for the total 
measuring circuitry. The effect of a 0.2 mm sheet of 
silicone rubber insulation placed over the surface of the 
plane electrode is also examined. Analysis of the current 
measurements provides new information about the 
formation of pulses particularly double-peaked types 
observed only occasionally by previous researchers.  
 
Photographs from a digital camera with extended UV 
capability show images of the corona produced for each 
type of discharge and atomic emission spectra of the 
corona are obtained up to and including spark-over with a 
high resolution digital spectrometer with a fiber optic 
probe, for wavelengths from 200 nm to 1100 nm with an 
accuracy of +/- 0.25 nm.  
 
1. INTRODUCTION 
 
Silicone rubber (SiR) is now widely used as an insulator 
and it is of interest to know more of how corona and the 
associated discharge current pulses behave with silicone 
rubber insulation SiR with alternating voltages. 
 
Corona is a phenomenon that has been investigated since 
Peek’s [1] work in the 1920’s.  The Trichel pulses (TPs) 
[2] associated with negative point corona in air for short 
gaps up to 25 mm have since been measured and 
systematically studied by others [3][4][5].  
 
Theoretical models of the changes in electric field and the 
corona discharge process began with the numeric 
development of the first pulse model in the 1980’s by 
Morrow [6]. Only recently (2005) has developments been 
made to numerically simulate an entire repetitive train of 
negative point pulses [7]. 
 
Positive point discharge corona appears at higher voltages 
as streamers [9][10] and their associated current pulses 
are different to TPs in that they can be up to 3 to 10 times  
 
larger, very  erratic, and have a lower breakdown 
voltage when compared to negative point TPs. In 
high voltage alternating (AC) power systems both 
positive and negative point discharges can occur in 
alternate half-cycles [8]. 
 
For Trichel pulses measured on short point-plane air 
gaps previous investigators have established:  
Pulse charge (Q) 
• Q is proportional to the point radius(r) [2], and Q/r  
~ 1.9x10-9 C/mm [3] 
• Q is independent of gap voltage. [2] 
• Q is independent of gap length [2][3] 
• Q is independent of TP frequency. [2][3] 
Frequency of Trichel Pulses (TP) 
• TP frequencies increase linearly with increasing 
applied voltage [2][3][4]. 
• TP frequencies increase with decreasing tip 
diameter for a fixed gap [3]. 
• Ions in the gap increases TP frequency. [4] 
• TP frequency increases with temperature [4]  
• UV light increases TP frequency [4] 
Discharge Onset Voltage 
• Onset voltage is independent of point radius [2][3] 
• Prior to onset voltage UV light causes a low steady 
current to flow across the gap [4] 
• Additional ions in the gap lowers the onset 
threshold voltage [4]  
 
In spite of the considerable previous work 
fundamental corona phenomena remain incompletely 
understood. This paper uses modern instrumentation 
to provide deeper insights.   
 
2.   CORONA AND CURRENT PULSES 
 
Figure 1 shows the gap used for experiments. The 
neon provided very fast protection for the current-
measuring system. 
   
 
 
 
 
 
 
 
 
Figure 1  Experimental Apparatus 
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Figure 2(a) shows the point-to-plane gap at 5.30 kVPk 
with no corona nor discharge current pulses being 
detected.  The applied voltage is raised slightly to 5.31 
kVPk and the onset of corona and discharge pulses are 
detected (Fig. 2(b)). A further increase in voltage to 6.37 
kVPk establishes well defined Trichel pulse trains with an 
increase in corona (Fig. 2(c)). The applied voltage is 
further increased until large irregular positive-point 
current pulses are detected.  Figure 2(c) shows well 
established positive-point discharges at 5.38 kVPk.  
Slightly additional voltage causes a spark to cross the gap 
concluding the experiment.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Photographic images showing the various stages of 
corona produced by the discharges. (Gap = 8.255 mm, 22 ºC, 50 
% RH) 
 
Figure 2(e) shows the effect of a 0.2 mm sheet of silicone 
rubber (SiR) insulation laid across the surface of the plane 
electrode at 6.20 kV. The corona appears over a very 
large fraction of the area of the SiR. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3  Typical negative point corona discharge current 
pulses: (a) a single pulse train of TPs. (b) envelope of TPs 
measured over a 2 sec period. (c) TPs with SiR. (d)  A TP 
with SiR – position of this TP indicated in 3(c) with * . 
For the metal plane electrode (no SiR) the peak 
magnitudes varied considerably (Fig. 4(a)). All pulses 
below 900 µA peak are short single pulses as in Fig. 
3(d). Some higher current pulses were observed to 
have two peaks (Fig 4(b)). For the SiR-covered plane 
electrode all positive point current pulses are 
observed to have double peaks (Fig. 4(d)) which in 
Figure 4(c) looks similar to a Trichel pulse train.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 Comparison of positive point discharge current 
pulses: (a) and (b) Metal plane electrode. (c) and (d) With 
SiR over plane electrode. Note: Right-hand figures show 
pulses superimposed to show the relative differences.  
 
Table 1 Comparison of measured corona discharge onset 
threshold voltages for an insertion of 0.2 mm thick sheet of 
silicone rubber insulation over the plane electrode. 
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3.  SPECTROSCOPIC STUDIES 
 
The following atomic emission spectra were obtained 
from an Ocean Optics HR 4000 fiber optic spectrometer 
set for 100 millisecond integration time between scans.  
The optical fiber was positioned 1 mm away from the tip 
of pointed electrode at an angle of 45 degrees as shown in 
the insert in Figure 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5 Atomic emission spectra produced by a point to plane 
electrical discharge prior to sparking for wavelengths in the 
range 200 nm to 1100 nm. (30.3 ºC, 43% RH) 
 
The voltage was smoothly increased until sparking 
occurred. All significant peaks were then overlaid onto 
the consecutive scans with emission lines from the NIST 
[11] atomic spectra data base for O, N, H, C, Ar, Ne, and 
Xe that were within ± 1 nanometer. See Figures 6 to 13.  
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Figure 14 shows 20 consecutive spectra scans (200 nm to 
1100 nm) taken with 100 millisecond integration times to 
produce a 3D plot. The highest point is the peak of the 
337.9 line shown in Figure 5. Note the Ne* (846.4 nm) and 
O+ (728.9 nm) lines start and finish early in the process 
when only TPs occur. Figure 15 shows the behaviour of 
these low intensity lines with some of the stronger lines 
removed for clarity. 
 
 
 
 
 
  
 
 
 
 
 
 
 
Figure 15 Seventeen consecutive scans with 100 millisecond 
integration times showing the trend for the lower intensity 
emission lines. 
 
TPs only are responsible for the emission lines for scans 2 
to 7 as positive discharges did not occur up to this level. 
Both Trichel pulses and positive point streamers occur in 
Scans 7 to 14. Sparking occurs in scan 15.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 16  Function of the six most dominant lines summed as a 
function of scan number (applied voltage). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 17  Relative intensities of the six most dominant lines as a 
function of the sum of the six intensities up to and including the 
first scan after spark-over.  
When the intensities of the six most dominant peaks are 
summed and plotted against scan number (voltage) and 
curve fit applied, it is seen that the intensity trend 
follows very closely to a square law (Figure 16). Figure 
17 shows that the contribution of some lines increase 
and others decrease after spark-over which implies 
some later radiative emission may be occurring for the 
376.2 and 316.7 lines.   
 
CONCLUSIONS 
In short air gaps double-peaked positive point pulses 
start to occur when peak currents exceed 900µA. More 
regular double-peaked pulses occur if a thin layer of 
SiR covers the plane electrode. With TPs only in the 
discharges spectroscopic studies indicate the presence 
of O+ and Ne*. With higher voltages causing positive 
point discharges O++, O+++, N+++ and N+++ may also be 
observed. 
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ABSTRACT 
 
This paper describes results of measurements made using 
modern digital instrumentation to simultaneously record 
current pulses and visible images associated with corona 
discharges in a 8.255 mm point-plane gap in atmospheric 
air with 50 Hz applied voltages up to flashover.  
 
 Discharge current pulses are recorded at a sampling rate 
of 200 mega samples per second by a digital oscilloscope 
with an estimated 14 nsec time constant for the total 
measuring circuitry. The effect of a 0.2 mm sheet of 
silicone rubber insulation placed over the surface of the 
plane electrode is also examined. Analysis of the current 
measurements provides new information about the 
formation of pulses particularly double-peaked types 
observed only occasionally by previous researchers.  
 
Photographs from a digital camera with extended UV 
capability show images of the corona produced for each 
type of discharge and atomic emission spectra of the 
corona are obtained up to and including spark-over with a 
high resolution digital spectrometer with a fiber optic 
probe, for wavelengths from 200 nm to 1100 nm with an 
accuracy of +/- 0.25 nm.  
 
1. INTRODUCTION 
 
Silicone rubber (SiR) is now widely used as an insulator 
and it is of interest to know more of how corona and the 
associated discharge current pulses behave with silicone 
rubber insulation SiR with alternating voltages. 
 
Corona is a phenomenon that has been investigated since 
Peek’s [1] work in the 1920’s.  The Trichel pulses (TPs) 
[2] associated with negative point corona in air for short 
gaps up to 25 mm have since been measured and 
systematically studied by others [3][4][5].  
 
Theoretical models of the changes in electric field and the 
corona discharge process began with the numeric 
development of the first pulse model in the 1980’s by 
Morrow [6]. Only recently (2005) has developments been 
made to numerically simulate an entire repetitive train of 
negative point pulses [7]. 
 
Positive point discharge corona appears at higher voltages 
as streamers [9][10] and their associated current pulses 
are different to TPs in that they can be up to 3 to 10 times  
 
larger, very  erratic, and have a lower breakdown 
voltage when compared to negative point TPs. In 
high voltage alternating (AC) power systems both 
positive and negative point discharges can occur in 
alternate half-cycles [8]. 
 
For Trichel pulses measured on short point-plane air 
gaps previous investigators have established:  
Pulse charge (Q) 
• Q is proportional to the point radius(r) [2], and Q/r  
~ 1.9x10-9 C/mm [3] 
• Q is independent of gap voltage. [2] 
• Q is independent of gap length [2][3] 
• Q is independent of TP frequency. [2][3] 
Frequency of Trichel Pulses (TP) 
• TP frequencies increase linearly with increasing 
applied voltage [2][3][4]. 
• TP frequencies increase with decreasing tip 
diameter for a fixed gap [3]. 
• Ions in the gap increases TP frequency. [4] 
• TP frequency increases with temperature [4]  
• UV light increases TP frequency [4] 
Discharge Onset Voltage 
• Onset voltage is independent of point radius [2][3] 
• Prior to onset voltage UV light causes a low steady 
current to flow across the gap [4] 
• Additional ions in the gap lowers the onset 
threshold voltage [4]  
 
In spite of the considerable previous work 
fundamental corona phenomena remain incompletely 
understood. This paper uses modern instrumentation 
to provide deeper insights.   
 
2.   CORONA AND CURRENT PULSES 
 
Figure 1 shows the gap used for experiments. The 
neon provided very fast protection for the current-
measuring system. 
   
 
 
 
 
 
 
 
 
Figure 1  Experimental Apparatus 
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Figure 2(a) shows the point-to-plane gap at 5.30 kVPk 
with no corona nor discharge current pulses being 
detected.  The applied voltage is raised slightly to 5.31 
kVPk and the onset of corona and discharge pulses are 
detected (Fig. 2(b)). A further increase in voltage to 6.37 
kVPk establishes well defined Trichel pulse trains with an 
increase in corona (Fig. 2(c)). The applied voltage is 
further increased until large irregular positive-point 
current pulses are detected.  Figure 2(c) shows well 
established positive-point discharges at 5.38 kVPk.  
Slightly additional voltage causes a spark to cross the gap 
concluding the experiment.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Photographic images showing the various stages of 
corona produced by the discharges. (Gap = 8.255 mm, 22 ºC, 50 
% RH) 
 
Figure 2(e) shows the effect of a 0.2 mm sheet of silicone 
rubber (SiR) insulation laid across the surface of the plane 
electrode at 6.20 kV. The corona appears over a very 
large fraction of the area of the SiR. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3  Typical negative point corona discharge current 
pulses: (a) a single pulse train of TPs. (b) envelope of TPs 
measured over a 2 sec period. (c) TPs with SiR. (d)  A TP 
with SiR – position of this TP indicated in 3(c) with * . 
For the metal plane electrode (no SiR) the peak 
magnitudes varied considerably (Fig. 4(a)). All pulses 
below 900 µA peak are short single pulses as in Fig. 
3(d). Some higher current pulses were observed to 
have two peaks (Fig 4(b)). For the SiR-covered plane 
electrode all positive point current pulses are 
observed to have double peaks (Fig. 4(d)) which in 
Figure 4(c) looks similar to a Trichel pulse train.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 Comparison of positive point discharge current 
pulses: (a) and (b) Metal plane electrode. (c) and (d) With 
SiR over plane electrode. Note: Right-hand figures show 
pulses superimposed to show the relative differences.  
 
Table 1 Comparison of measured corona discharge onset 
threshold voltages for an insertion of 0.2 mm thick sheet of 
silicone rubber insulation over the plane electrode. 
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3.  SPECTROSCOPIC STUDIES 
 
The following atomic emission spectra were obtained 
from an Ocean Optics HR 4000 fiber optic spectrometer 
set for 100 millisecond integration time between scans.  
The optical fiber was positioned 1 mm away from the tip 
of pointed electrode at an angle of 45 degrees as shown in 
the insert in Figure 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5 Atomic emission spectra produced by a point to plane 
electrical discharge prior to sparking for wavelengths in the 
range 200 nm to 1100 nm. (30.3 ºC, 43% RH) 
 
The voltage was smoothly increased until sparking 
occurred. All significant peaks were then overlaid onto 
the consecutive scans with emission lines from the NIST 
[11] atomic spectra data base for O, N, H, C, Ar, Ne, and 
Xe that were within ± 1 nanometer. See Figures 6 to 13.  
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Figure 14 shows 20 consecutive spectra scans (200 nm to 
1100 nm) taken with 100 millisecond integration times to 
produce a 3D plot. The highest point is the peak of the 
337.9 line shown in Figure 5. Note the Ne* (846.4 nm) and 
O+ (728.9 nm) lines start and finish early in the process 
when only TPs occur. Figure 15 shows the behaviour of 
these low intensity lines with some of the stronger lines 
removed for clarity. 
 
 
 
 
 
  
 
 
 
 
 
 
 
Figure 15 Seventeen consecutive scans with 100 millisecond 
integration times showing the trend for the lower intensity 
emission lines. 
 
TPs only are responsible for the emission lines for scans 2 
to 7 as positive discharges did not occur up to this level. 
Both Trichel pulses and positive point streamers occur in 
Scans 7 to 14. Sparking occurs in scan 15.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 16  Function of the six most dominant lines summed as a 
function of scan number (applied voltage). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 17  Relative intensities of the six most dominant lines as a 
function of the sum of the six intensities up to and including the 
first scan after spark-over.  
When the intensities of the six most dominant peaks are 
summed and plotted against scan number (voltage) and 
curve fit applied, it is seen that the intensity trend 
follows very closely to a square law (Figure 16). Figure 
17 shows that the contribution of some lines increase 
and others decrease after spark-over which implies 
some later radiative emission may be occurring for the 
376.2 and 316.7 lines.   
 
CONCLUSIONS 
In short air gaps double-peaked positive point pulses 
start to occur when peak currents exceed 900µA. More 
regular double-peaked pulses occur if a thin layer of 
SiR covers the plane electrode. With TPs only in the 
discharges spectroscopic studies indicate the presence 
of O+ and Ne*. With higher voltages causing positive 
point discharges O++, O+++, N+++ and N+++ may also be 
observed. 
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